Radiation-induced acute myeloid leukaemia (AML) in the CBA/H sporadic cancers suggesting it may play a general role in mouse is a clonal disorder and therefore amenable to the analytumour evolution. [14] [15][16] sis of genetic instability during radiation leukaemogenesis. The X-irradiation (3 Gy) of CBA/H mouse results in the induction genotype of a single minisatellite and 20 microsatellite loci was of acute myeloid leukaemia (AML) with an incidence of 25% compared in tail and leukaemic spleen DNA prepared from the and a mean latency of 18 months suggestive of multi-stage same mouse. Somatic mutation at the Ms6-hm minisatellite locus was nearly seven times higher (27%, 4/15) than the sponleukaemogenesis. 17, 18 As this haemopoietic neoplasia is taneous germline mutation rate (4% gle minisatellite locus occur at a high frequency (27%), only very high rate in the radiation-induced AMLs, microsatellite instability, which has been associated with the acquisition of one AML was detected which had a mismatch repair defect.
Introduction
Male CBA/H mice, 8-12-week-old, were 3 Gy X-irradiated Radiation-induced genetic instability may contribute to neoand leukaemias diagnosed as described. 17, 18, 20 The animal plastic transformation. The ability to detect the effects of ionisstudies here described were carried out under guidance issued ing radiation on the mutation rate of a single genetic locus by the MRC in 'Responsibility in the use of animals for medidepends on the background spontaneous mutation rate, the cal research' (July 1993) and Home Office project licence No. magnitude of the effect of the radiation on the spontaneous PPL 30/00689. DNA was prepared from the leukaemic spleen mutation rate, and the ability to score a statistically significant and tail from the same mouse. 20 number of clonal descendants of an irradiated cell. Hypervariable tandem repeat minisatellite loci have spontaneous germline and somatic mutation rates of up to Southern blot analyses 10%, [1] [2] [3] [4] [5] and therefore potentially enable the detection of induced mutation rates in small population samples. Thus, DNA (10 g) was digested with HinfI and resolved by 1% agathere is evidence that paternal irradiation increases the germrose gel electrophoresis, alkali denatured and transferred to line mutation rates of minisatellite loci in a dose-dependent Genescreen (DuPont, Boston, MA, USA). The Ms6-hm probe fashion in their clonal offspring.
6-9 Somatic mutations at spewas a (GGGCA) Ͼ6 synthetic oligonucleotide repeat labelled cific human minisatellite loci have been associated with type by random priming (GIBCO BRL, Paisley, UK; oligolabelling I diabetes mellitus (INS) and multiple forms of cancer kit) in the presence of 50 Ci of ␣-32 P-dATP (Amersham, UK; (HRAS1). 5 The induction of somatic minisatellite mutations in 3000 Ci/mmol), and hybridised to Southern blots as rodent model systems has been reported in chemically described. 2 Blots were washed to a stringency of 0.1 × SSC at induced tumours in the mouse 10-12 and in X-irradiated 65°C. Molecular weight markers were the 1 kbp ladder from C3H/10T1/2 cells where the mutation rate approached 100% GIBCO/BRL. if the cells were passaged in vivo. 13 Sequence analysis of a number of minisatellite loci and their germline mutant variants revealed the polar gain or loss of repeat units at one end of the tandem repeat array, and thus implicated complex interPolymerase chain reaction of microsatellite loci and intra-allelic gene conversion events. 3, 4 Microsatellite mutations are associated with mismatch Genomic DNA (10-50 ng) was PCR amplified in a final volrepair defects and have been described as the replication Figure 2 , and data not shown), and we conclude that it had acquired the RER + spontaneous germline mutation rate of Ms6-hm was estimated to be 0.024-0.032 per gamete in BXD RI, BXH RI and phenotype during multi-stage radiation leukaemogenesis. All five microsatellite mutations appeared to be caused by the (C57BL/6J X DBA/2J)F1 and F2 crosses.
2 To obtain an indication of the instability of Ms6-hm in the CBA/H colony, its deletion of a single dinucleotide repeat unit (Figure 2 , and data not shown), but, given the small numbers analysed, it is spontaneous germline mutation rate in the CBA/H colony was first estimated.
unclear whether this apparent bias towards the delection of single repeat units in the AMLs is significant. The germline mutation rate () of a neutral allele in an inbred strain is related to the heterozygosity (H) of the locus by the following equation:
Discussion where N e is the effective population size which, in an inbred
The somatic mutation rate at a single chromosome 4 minicolony derived from repeated brother-sister matings, has been satellite locus in AMLs which arose in vivo after 3 Gy whole estimated to be 2.6.
2,21 Heterozygosity, as defined by the body X-irradiation of CBA/H mice is almost seven-fold higher hybridization of at least two HinfI genomic restriction frag-(0.27) than the spontaneous germline mutation rate (0.04). ments to the Ms6-hm probe in Southern blot analyses
The mutations were detected by Southern blot analysis of gen- (Figure 1 , lanes 8 and 12, and data not shown), was detected omic DNA suggesting that the majority of the leukaemic cells in 25/84 control un-irradiated CBA/H mice (H = 0.3) giving contained the mutation, and, as the leukaemias are clonal in = 0.04, a value which is consistent with the germline origin, that the mutations occurred early in radiation leukaemutation rates estimated directly and using heterozygosity mogenesis prior to, or shortly after the clonal expansion of the analyses in other inbred mouse strains. 2 leukaemic cell. In contrast, microsatellite instability and the Fifteen CBA/H radiation-induced AMLs were analysed for RER + phenotype is infrequently detected in the same AMLs.
Ms6-hm mutations by Southern blot analysis of DNA prepared
The spontaneous somatic mutation rate of the Ms6-hm from tail (control) and leukaemic spleen from individual mice. locus (0.028) is very similar to its germline mutation rate As shown in Figure 1 , gain or loss of genomic restriction frag-(0.025) in C57BL/6, DBA/2 or their F1 offspring, and although ments was observed in the AMLs when compared to the cona much higher (0.20) somatic mutation rate was detected at trols (cases 1, 3 and 6). In total, somatic mutations at the Ms6-the Hm-2 minisatellite locus, the mutations occurred early in hm locus were detected in 4/15 AMLs giving a somatic development as the mosaicism was indistinguishable in sevmutation frequency of 0.27, almost seven-fold higher than the spontaneous germline mutation rate.
Microsatellite mutations in radiation-induced AMLs
Analysis of 20 microsatellite loci in 15 CBA/H mice revealed complete homozygosity at the loci, indicating that the
Figure 1
Somatic mutations at the Ms6-hm locus. Genomic DNA Figure 2 Microsatellite instability in an AML. DNA prepared from tail (T) or leukaemic spleen from three mice (cases 7, 8 and 9) was (10 g) prepared from tail (T, lanes 2, 4, 6, 8, 10 and 12) or leukaemic spleen (L, lanes 1, 3, 5, 7, 9 and 11) from the same mouse in six PCR amplified using primers that detect the following chromosomespecific microsatellite loci: (A) D5Mit145, (CA) 34 repeat; (B) independent AMLs (cases 1-6) was digested with HinfI, Southern blotted and probed with the Ms6-hm probe. Novel genomic restriction D7Mit291, (TG) 13 (GA) 23 repeats; (C) D2Mit52, (CA) 14 repeat; and (D) D2Mit436, (CA) 20 repeat. The radiolabelled products were resolved fragments which are present in AMLs but not the control DNA from the same mouse (cases 1, 3 and 6) are shown with arrows. Molecular by denaturing polyacrylamide gel electrophoresis and autoradiography. weight markers (kbp) are shown on the left of the panel.
eral adult tissues.
1,2 There is the formal possibility that the References Ms6-hm mutations in the AMLs represent the clonal expansion of a bone marrow cell which had undergone a mutation gain of Ms6-hm-related genomic restriction fragments 3210.
( Figure 1, lanes 1, 5 and 11 associated with complex inter-and intra-allelic gene conver- 
